Los Alamos National Laboratory (LANL) was established in 1943 as part of the Manhattan Project to build nuclear weapons, and currently operates as a national research laboratory. As part of an ongoing assessment of site-related ecological risk at LANL, western bluebird (Sialia mexicana) and ash-throated flycatcher (Myiarchus cinerascens) eggs were collected from 1997 to 2012 and analyzed for 18 inorganic elements. Concentrations of many inorganic elements in eggs were below reporting limits. Between species comparisons revealed that western bluebird eggs had higher levels of barium while ash-throated flycatcher eggs had higher levels of mercury. No statistically significant differences were observed in concentrations of inorganic elements in western bluebird eggs collected from the study area (which consists of areas within the current and historic LANL boundary) and from a non-industrial reference site; nor were any statistically significant differences observed between two canyons of interest, known to have received effluents and storm water runoff from LANL facilities, and the non-industrial reference site. Inorganic element levels detected in western bluebirds were typically within the range measured in eggs of other passerine in the published literature. These data suggest that concentrations of inorganic elements in passerine eggs collected from the study area appear to be at levels causing negligible risks to local bird populations.
Introduction
an inactive septic system, and a disposal area for low-level radioactive waste [4] .
Historic release sites along Mortandad Canyon include outfalls, sanitary septic systems, and discharges from a wastewater treatment plant [5] . Several constituents are of interest in these canyons, including inorganic elements [6] [7] [8] .
Biomonitoring is an important tool for assessing environmental contamination by analyzing chemicals or their metabolites from biological tissues [9] [10] .
Bird eggs are useful as bioindicators because 1) different species occupy many trophic levels, 2) collection of eggs is relatively noninvasive and nondestructive to populations, and 3) collection is relatively easy. In addition, the composition of eggs is consistent and eggs can be preserved for long periods of time for inorganic element analyses [9] [11] [12] . Studies suggest that avian eggs reflect local contaminant exposure where the female was feeding during the time of egg formation [13] , however, migratory species may also accumulate constituents during migration or on wintering grounds [14] [15] [16] .
Inorganic elements can pose risks of adverse effects to birds if exposed at high enough concentrations. For example, mercury and selenium egg exposures have been associated with deleterious effects on reproduction, growth, survival, and behavior in birds [17] [18] [19] . Sources of inorganic elements include both anthropogenic and natural sources [1] and birds can be exposed through a number of routes including through diet, ingestion of soil, drinking water, and inhalation. Once a bird is exposed to inorganic elements, those elements may be absorbed and deposited into tissues. Alternatively, they may be excreted or sequestered into feathers [20] . Female birds may also excrete contaminant body burdens into their eggs; therefore, eggs serve as a potential indicator of internal contamination loads of the adult female [10] [20] and have been utilized as metal production and survival may be impaired due to exposure to these constituents.
The western bluebird (Sialia mexicana) and the ash-throated flycatcher (Myiarchus cinerascens) are common secondary cavity-nesting species on the Pajarito Plateau [25] and readily nest in artificial nestboxes. Ash-throated flycatchers are a migratory species and their winter range spans from Mexico to Costa Rica [26] . Western bluebirds are year-round residents in many areas, including northern New Mexico, although some migration into Mexico may occur [27] . During the breeding season, both species feed primarily insects, including ants, wasps, and beetles, as well as spiders [27] [28] . Both species rely on fruits during the winter and western bluebirds also consume seeds [27] [29] . Western bluebirds have also been observed picking up small amounts of grit for their gizzards [30] . These two species have several similar life history traits, although ash-throated flycatchers have approximately 22% higher daily energetic demand (i.e., higher metabolism) and their nestlings fledge approximately four to five days earlier than western bluebirds [31] .
As part of an ongoing assessment of site-related ecological risk at LANL [32] , inorganic element concentrations were assessed in western bluebird and ashthroated flycatcher eggs. In experiment one, we evaluate concentrations of inorganic elements in eggs of western bluebirds and ash-throated flycatchers and predict that ash-throated flycatchers will have differing concentrations of inorganic elements due to their migratory behavior. In experiment two, we evaluate concentrations of inorganic elements in western bluebird eggs across the Pajarito Plateau and predict that eggs collected within the current and historic LANL boundary will have higher concentrations than those collected at a non-industrial reference site; and that eggs collected from two canyons of interest, Cañada del Buey and Mortandad Canyon, will have higher concentrations than those collected at the reference site. Lastly, we compare the concentrations in eggs from experiment two with concentrations observed in eggs of other passerine species reported in the literature and predict that the majority of eggs will fall within the range observed in other species. 
Methods

Study Location
Nestboxes and Egg Collection
The avian nestbox network was established during the winter of 1997 with 438 boxes [35] and now contains more than 500 boxes. The majority of nestboxes were placed on ponderosa pine, piñon pine, or one-seed juniper trees, hung ap- randomly collected from 30 nests for a special study. Upon collection, eggs were refrigerated (~1.6˚C -3.3˚C) until processed. Eggs were then rinsed, patted and air dried, and measurements on weight, volume, length, and width were collected. After measurements were recorded, egg contents were separated from eggshells, stored in sealed glass vials and kept frozen until shipped to the analytical chemistry laboratory. Moisture loss from eggs during storage was considered as a confounding variable. However, as egg moisture is lost, it results in higher measurements of element concentrations, which is a conservative error. Egg content samples were submitted as either an individual egg, or eggs were combined to form a composite sample; eggs were only composited from the same location (i.e., same reaches of a canyon). All protocols were approved by the LANL Institutional Animal Care and Use Committee and unhatched egg collection was permitted under federal and state permits.
Chemical Analyses
For experiment one, western bluebird and ash-throated flycatcher eggs were col- 
Comparisons with Other Passerine Species
For experiment two, published studies were used to make comparisons of inorganic element concentrations in passerine eggs. The data in the studies used date back as far as 1995 to better overlap the time period with the current study [11] 
Statistical Analysis
Prior to statistical analyses, all nondetect values were reported at the reporting limit (PQL) and nondetect samples associated with a blank contamination were excluded from analyses (n = 7 samples for iron analyses and n = 6 for manganese analyses). Elements did not undergo statistical analyses when 80% or more of the samples were nondetects for a given analyte [44] . For remaining datasets
containing nondetect values, comparisons between two or more groups were assessed with the Gehan-Wilcoxon test [45] , which included assessing differences in concentrations between species, between the study area and the non-industrial reference site, and among two canyons and the non-industrial reference site. For datasets that did not contain nondetect values, a Wilcoxon test was used to assess differences between species and between the study area and the non-industrial reference site. The Kruskal-Wallis test was used to analyze for differences among two canyons and the non-industrial reference site for datasets which contained no nondetects. All statistical analyses were performed using NCSS 9 Statistical
Software 2013 (Kaysville, Utah).
Results
In experiment one, only barium, copper, manganese, mercury, and zinc were detected in 20% or more of egg samples and were therefore statistically analyzed.
In experiment two, only barium, copper, iron, manganese, mercury, selenium, and zinc were detected in 20% or more of egg samples and were therefore statistically analyzed. Antimony, arsenic, beryllium, cadmium, chromium, cobalt, lead, nickel, silver, thallium, and vanadium were frequently (≥80%) not detected in eggs in at least one variable (i.e. one species or one site such as the study area or non-industrial reference site) for both experiments; therefore these elements were not subjected to statistical analyses. were analyzed in western bluebird eggs from the study area and the non-industrial reference site and no statistically significant differences were observed (P > 0.05; Table 2 ). For medians and range of observations between the two sites, see Ta Table 3 ). For medians and range of observations, see Table 3 .
Experiment 2: comparisons with other passerine species
The majority (≥50%) of western bluebird samples from both the non-industrial reference area and study area contained levels of inorganic elements that were within the range of concentrations observed in other passerine species in Table 4 . The mean and 99% confidence interval (CI) of inorganic element concentrations observed in eggs of passerine species published in the literature and the percentage western bluebirds from the non-industrial reference site and study area that contain nondetectable concentrations or concentrations at or under the upper CI of other passerines. All values are reported as ppm wet weight; when dry weight were reported, they were converted by accounting for the average moisture content of ~70% as suggested in Heinz et al. [57] . published literature (Table 4) . Western bluebird egg samples collected from the non-industrial reference area contained levels of arsenic, cobalt, copper, lead, mercury, and vanadium that were all within the range of other passerine species.
Western bluebird egg samples collected from the study area contained cobalt and mercury concentrations were all within the range observed in other passerine species. Approximately 79% or more of western bluebird egg samples from the non-industrial reference area contained iron, manganese, selenium, and zinc concentrations, and 77% or more of the western bluebird eggs from the study are contained arsenic, copper, iron, lead, manganese, selenium, vanadium, and were within the range observed in other passerine species. In passerine species reported in the literature, all beryllium values were below the detection limits, and antimony and thallium were not reported; therefore no comparisons with concentrations in eggs from this study could be made. Reporting limits of cadmium, chromium, nickel, and silver in this study exceeded the maximum concentration observed in the published studies and therefore not compared.
Discussion
Many of the inorganic elements assessed in this study were not detected in egg samples of western bluebirds and ash-throated flycatchers. It has been proposed that some inorganic elements are not maternally transferred into eggs; for example, laboratory-controlled avian studies measured concentrations of cadmium [46] [47], lead [48] , and vanadium [49] in eggs after females were provided diets with varying concentrations of these metals. These studies determined that little or no measurable amount of these metals were transferred to or accumulated in eggs. Additionally, Schwarzbach et al. [50] summarized data from Seiler and Skorupa [51] that reported on silver concentrations in more than 1000 wild bird eggs. Schwarzbach et al. [50] suggested that silver can, but rarely will, accumulate in avian eggs. Some of the inorganic elements assessed in this study may not have been maternally transferred to eggs by either the western bluebirds or the ash-throated flycatchers and may explain why so many inorganic elements were largely nondetects in eggs observed in this study. The higher levels of barium in western bluebird eggs may also be explained by life history differences. Western bluebirds typically reside as year-round residents in many areas, including northern New Mexico [27] and evidence exists that western bluebirds are short distance migrants (unpublished data). Barium is higher in soils in the western United States [52] and is typically higher in soils that contain feldspar, limestone, and biotite [53] . The primary rock type in the [54] , which is composed of feldspar (50% -70%) and also contains biotite [55] . No differences of barium concentrations in soils collected at the study area compared with the reference site were observed [56] . It is possible that barium is naturally higher in soils around the study region and thus would explain why western bluebird eggs have greater concentrations of barium;
especially because western bluebirds have been observed picking up grit for their gizzards [30] . This may also explain why there are no statistically significant differences in barium egg concentrations in western bluebird eggs collected at LANL and eggs collected from the non-industrial reference site.
2) Experiment 2: inorganic element concentrations in western bluebird eggs across the Pajarito Plateau Contrary to our predictions, inorganic element concentrations in western bluebird eggs collected from the study area, which included areas from within the current and historic LANL boundary, did not differ from those collected from a non-industrial reference site. Additionally, no differences in western bluebird inorganic element egg concentration were observed among Cañada del Buey, Lower Mortandad Canyon, and the non-industrial reference site. These data suggest that LANL operations are not affecting inorganic element concentrations in eggs of western bluebirds, at least in the locations where this study took place.
3) Experiment 2: comparisons with other passerine species
As predicted, the majority of western bluebird egg samples contained either nondetectable concentrations of inorganic elements or contained concentrations that were at or fell under the upper 99% confidence interval observed in other passerine species from reference sites reported in the literature. However, approximately 40% and 46% of western bluebirds at the non-industrial reference site and study area, respectively, exceeded the upper 99% confidence interval for barium that was established from other passerine species; this observation could be explained by the local geology as discussed above. Several factors could affect inorganic element concentrations in passerine eggs and include, but are not limited to, differences between species, diets, wintering and breeding grounds, soil type, and soil element concentrations. However, the comparisons made here are a general reference of how western bluebird eggs collected in study area compare with eggs of other passerine species. In general, concentrations of inorganic elements in eggs examined in this study are very similar to concentrations in eggs of other passerine species in undisturbed areas, even though some eggs were collected in disturbed areas within the study area.
Conclusion
This study is part of an ongoing assessment of site-related ecological risk at LANL and the constituents evaluated in eggs of two cavity-nesting species reveal that the majority of samples had concentrations that were below the reporting limit. Egg samples that had detectable levels of inorganic elements were typically 
